Doxycycline-containing glass ionomer cement for arresting residual caries: an in vitro study and a pilot trial
Introduction
In developing countries, the prevalence of untreated dental caries is very high. In Brazil, the report from the Brazilian Oral Health Survey (SBBrasil 2010) showed that 48.2% of 5 years-old children have untreated dental caries or almost more than half of the population in this age group had at least one deciduous tooth affected by dental caries 1 . The reasons for the lack of treatment are multiple, such as financial problems, lack of oral health services, pain and fear barriers, and dependency of conventional oral care 2 .
Alternative proposals to the complete caries removal technique have been investigated for permanent and deciduous teeth 3 . Scientific evidences have revealed that incomplete caries removal for teeth with deep cavities preserves a maximum of dental structure and reduces the possibility of pulp exposure [3] [4] . Besides being clinically effective in retaining teeth and their vitality for longer, partial caries removal was also considered cost-effective, with significantly reduced long-term costs 5 .
Although encouraging clinical success rates have been reported in several studies [6] [7] [8] [9] [10] [11] and stated in some systematic reviews and meta-analysis 2, 12 , there is still some resistance whether intentionally leaving carious dentin behind is safe, which could cause the failure of the dental treatment. Therefore, by using an effective antibacterial incorporated with lining material it must be possible to solve problems such as the cariogenic microorganisms remained after partial caries removal and consequently avoid caries progression and injuries to the pulp with no costs and less discomfort to the patient [13] [14] [15] [16] [17] [18] . Even the literature indicates to leave residual carious dentin; the use of an antibacterial material over dentin layer would leave dentists more comfortable.
Doxycycline hyclate (DOX), a derivative of the tetracycline family, has been widely used in the treatment of various infectious diseases in Dentistry, including periodontal and root pathologies 19, 20 . 
Materials and methods
The resin-modified glass ionomer cement (RMGIC)
Fuji Lining LC (FLLC, batch #0710021, GC Corporation, Tokyo, Japan) was modified by the addition of 1.5%; 3.0%, and 4.5% doxycycline hyclate (D9891 SigmaAldrich Steinheim, Germany), according to the methodology described in previous studies 15, 16, 23 . All experiments were conducted in triplicate, in three independent assays.
Specimen preparation for in vitro assays
Specimens from three experimental groups (RMGIC-containing 1. Clinical procedures and dentin sampling were performed by the same investigator (ARFC), in two sessions, following the steps described by Castilho, et al. 23 (2013) . Briefly, at the first session, after bitewing radiograph, anesthesia and rubber dam isolation were performed in the children. Operative area was cleaned by dental prophylaxis and anti-sepsis with 0.2% chlorhexidine. Cavity preparation consisted in removing carious tissue from the cavosurface angle and surrounding walls, and superficial carious dentin from pulp walls with sterile round steel burs at low speed and sterile spoon excavators. After washing and air-drying the cavities, an initial collection (baseline) of the carious dentin was sampled from the mesial portion of the cavity floor using a standard instrument, as previously described 
Clinical recordings
Before all dentin collections, the dental cavities were copiously washed and carefully air dried, and the color, consistency, and wetness of the carious dentin were blindly evaluated by a second investigator (CD), based on the following criteria: dentin consistency: 0 = hard (similar to normal dentin); 1 = leathery (dentin spoon removes carious tissue when forced); 2 = soft (tissue easily removed by a dentin spoon); dentin color: 0 = yellow; 1 = light brown; 2 = dark brown; dentin humidity: 0 = dry; 1 = humid 7, 23 .
Microbiological procedures
For cultivation of mutans streptococci, dentin samples were immersed in 0.9% NaCl (5 mL) and Plates were incubated at 37°C for 48 h in 5% CO 2 .
After incubation, the number of colony-forming units per milliliter (CFU/mL) was counted.
Statistical analysis
Statistical analysis showed heterogeneous data, 
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Fluoride Release (mg F-/mL) Log (UFC/mL) (N) They evidenced more than a 98% mutans streptococci reduction 13 and enhanced clinical/radiographic success after 1, 3, 6, and 12 months of partial caries removal procedures when compared to control without antibiotics. 
